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A COmparative-Study of Abstract Learning

in Mentally Retarded and Normal Subjects

Walter E. Lowell
Teachers College., Columbia University ,

New York, New York 10027

INTROWCTION.
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EDUCATIO-N WELFARE
NAICNAL INSTITUTE OF

EDUCATION

THIS DOEUMENT HAS SEEN REPRO;
OUCED EXACTLY AS RECEIVEO FROM
THE PERSON OR ORGANIZATION ORIGIN.
ATING IT POINTS OF VIEW OR OPINIONS
-STATEO DO NOT NECESSARILY REPRE-
SENT OFFICIAL NATIONAL INSTITUTE OF
EOUCATION POSITION OR POLICY

Eucators and psychologists have tong been aware of abstraction

as a signlficant dimension of human intelligence. Few definitions of

intelligence are.ever presented without acknowledging the importanCe of

the role of abstraction [1, 2, 3, 4]. However, while educators and

Fq.ycholo'gists find agreement in the significance of abstraction in

human intelligence,,few are in Agreement on a definition of abstraction

as it relates to human learning. These disparities in the uses of the

terit abstraction haVe been extensively explored and reported in the

literature elsewhere.(1] T,at clearly, until researchers are capable of

agreement on definition and terminology, little progress can be made in

their field of inquiry. Such is the case with abstraction; the definition

of abstraction as found in the'literature'is varied and lacks specificity.

In addition, many studies subsume abstraction under a different topic,

such as discrimination learning, concept formation, or classification/

categorization processes, therefore, any definition to be set forth must

consider these basic processes as instrumental.

-
This study was undertaken to construct a theoretical model of

abstraction accountable to the variety and scope of research in this field

and, further, to explore the role of abstraction in human thinking. To

this end, a hierarchical model of abstraction and a test based on this

model were constructed. One dimension on the model, the order of class

ification, was evaluated using mentally retarded and normal ability
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sUbjects. The evaluation consisted of a hierarchical-test constructed'
4 B.

to sscertain whether human subjects order theityorld in hierarchical

arrays and the rblationship of mental ability to this prOcess.

Since abstraCtion in general and hierarchical structuies in

particular,haVe been the-focus of much researCh and-curricula eMphasis

in science education in the last decade, [5, 6, 7 8] it is hoped that

suCh a model will provide-a.systematic theoretical framework for further-
*,

studies in this area.

Theory

Abstraction is considered here as.a cognitive process of

diScriminating specific attributes of the environment that can be com-

bined to form generalizea representations of experience. These repre-

sentations can be categories, sets of relations, or operations. The

ability to form categories or to classify experience is considered to

be the most basic of the three modes of representing experience and
0

fundamental to representations which involve sets of relations and

operations. Representations which involve the formation of sets,of

relations (establishing logic al or causal connection between attributes,

objects or classes) are consideied mote coMplex than categorization,

since relational statements can only.be made:subsequent to categorization.

The ability to perform operations, changing one thingsinto'something else,

will be defined as the mdat complex of the.three modes of representing

experience since before operations can be performed categories and/or

relations must be set forth. The organization of these three modes of

representing experience as set foith here is not unique and is well

supported in the literature [7,9].

3
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These three modes of abstraction, (1) 'classification, (2) Relations;

and (3) Operations ane referred to-as Orders of abstractiohs. An Order

of abstraction is acognitive mode of'representing experience. The three

Orders to be dealt with, in this study, the Ordpr of Cfassification,,the

Oraer of Relations, and the Order of Operations, are hierarchically arranged

as shown in Figure 1.

The first Order in the hierarchical model-is the Order of Class-

ification; folfowed by the Ofder of kelations, with the Order of Operations

located at the top. Within each Order of abstraction there exist Levels

1
of abstractions. These levels of abstraction exist in each:Order and are

hierarchically arranged in increasing generality and inclusiveness. In

Figure 1, Levels oT Abstraction are depicted by horizontal lines of increasing

length transitjrig each, Order. As .one progresses tp thehierarchy from

level to level within each Order, the power ot%abstraction or generality

and inclusiveness of the instances increases commensurately. , An example

of this progression would be the concept "mouse",subsumed by the concept

"rodent" substmed by the Concept "mammal." The prOgression from a lower

leVel abstraction to a higher level abstraction, in this case mOuse-rodent=--

mammal:, is indicative of am increase ii generality and inclusiVeness .(of

attributes ).

1

4".

Levels of'abstraction_will be-defined as follows: A level is an assembly
...

of things of a definite' kind, e.g a ollection of systems 'characterized
. ,

by a definite set of_properties and laws, and such that'it belongs to.an
evolutionary line, though not necessarily to a line of biological descent.

Some of he .emergent characteristics ovs'nOva' are the exclusive property
.of the-given level. : . For every 'novum' thas presumably emerged, in

the courseof a Process, from preexisting levels [9].' .
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Classification

Figure 1

Relations

bperat ions

The three cone-shaped structure represent the Orders of Classification,
Relations, and 'Operations, respectively.- The horizontal lines designate

. the various levels of abstraction in each Order. The levels are hierarch-
easing abstradtion. Six levels are desig-

nated for the Order of Classification; howeirer, it is conceivable more
exist-beyond-six. These,six levels are: Leviel I, Attribute Identifica-
tion; Level II, Attiibute Recognition; Level III,.Object Recognition;
Level IV, Class Recognition;` Level V, Class"of Classes Recognition, one
class. Level VI, Class of Classes. Recognition, two classes;
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It is usually the.case for one to infer identity or some-othe

categorical stgnificate not from a single atEribute exhibited by instance

but from several attributes taken together [8]'. Since at hig evels Of

abstraction, the subsumptive power of an instance can be ex emely laige,

/this-implies an ove.rlap, or sharing of attributes. To acc unt,for the

overlap, or sharing of attributes at any level of abstracti n the. term
.Di

Degrees of CompleXity is used. The'Degree Of Complexity

I. defined as the number of shared attributes among instances wit n a level,

.as the level of abstraction increases, the-P1Ossibility for instancegto

share attributes..in.common also increases. jihis.indrease in,

cOmplexity derives in part from the increase in generality and number of
-......... -

instances contained in superordinate categories. /This is shown in Figure 1

as a broadening oOhe cone upward and hence a cominenaurate increase z1
.-

=-
4

the length of aline at each revel. For example: an_ alligator and a

hippopotamus would be an example of anjnstance with low complexiN A
I

Although both share attributes, live- in or near water, walk with four
. I, .1.4'

legs, are found in tropical areas, etc., they are clearly distkict
.

creatures physiologically and morphdlogically; one isa reptile, the

other a mammal. Another example: two pril4tive members of the horse

family, Eohippus and Mesohippus, share almost all of the same attributes

with the exception of size -- Mesohip _different

foOt and tooth structure -- yet_they_are_clear-lyLdis-ti

one, Eohippus, lived 10,000 years before:the other. Degree of

Complexity in this example is considered high due to the sharing of

many attributes for each instance. There is a greater opportunity for

shared attributes among instances ht higher levels-of abstractiOn since'

more attributes are subaumed by each instance within these higher levels.'

6
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In Figure 1, as one progresses from a lower.leverfo a higher

\

level, the lines transiting each order increase in length. The increase

in lengrh is representative of greater and, greater.Degrees of Complexity,

or greater and greateroverlap,or. sharing of attributes. In Figure 1,
. __

.the Degree of Compldxity ifiCreases at.all levelS, from,left to Night.

As the number of shared artributes increases (increased complexity),- the

degree of discrimination required-to detect the individual attributes

within a level becomes more acute, hence explaining thelincreased complexity.

Although each Order of Abstraction demands different cognitive

strategies in constructing-representations, theSe Orders are not.mutually exclusivei

The three Orders. Can be thought of as existing in a hierarchy as exemplified

in Figure 1., The Orderlof Operations, as represented by Figure 1, can be

thought of as.dominating, while at the same time, depending upon its two

lower subsidiarie4 i.e., (1) the _Order of-Relations-and(2)the Order df.

Classifications, Por its existence. .This means operations cannot be

)r
performed until relational statements have been set forth, and relational

statements cannot be set forth until unIts have been identified or-classi-

fied. Ihus, the Order'of Classification is primary to the two higher

Orders of Relations and Operations. This dependency of Orders is indicated

in Figure.1, by lines connecting the base of each Order to its immediate

. 4

predecessor. The spatial position of edCh-Order, namely, Relations higher

than Classifications, Opera4,o4 higher than Relations__,_is_sat_for-th-4--n

this manner to indicate greater 'cognitive complexity as one progresses
_

from Classifications to Operations. `Fch Order is represented by a

cone, containing a series of levels. the shape of a cOne is such that

ae the top, broad generalized concepts are represented which subsume less

inclusive'concepts as one-progresses toward the btse. Taken together,
a,

7
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these three Orders are fundamental tosa bodyabf knowledge - since they

represent various cognitive straiegies used to represent particular -

N.-

experiences with either immediate sense data or the symbolic representations,

which make up a'body of knowledge.

The Orref of Classificitioa

The hierarchy begins with the Ordef of Classification. This--

Order begins, As presented in Figure 1, with iMmediate sense data. The

-Orddr of Classification concerns itself primarily with object tO class

identification. (A detailed elaboration of this Order will be_presented

later in the discuSsion since 'this Order has been selected as tha main

focus of the sXudy.) CInce objects or classes have been identified,

relational stateients Shout them can be made, hence the next Order,

_ . . _ . _

The Order of Relations

The Order of Relations, as a hierarchy, begina with simple

relational statements concerning attributesand progresses upward to
,1 0

complex statements concerning relations of relations. The Order of

Relations, as indicated by Figure 1, is-dependent upon Order of C1.71.1s1fi-

cation, and is connected:to .it.by a line.0 This dependency.illuminates

several important criteria about:the Or'det of Relati_o____The-dependency--=7-77-7--

-
indicates that relations are not concrete, they are not 'found directly

in senserdata; they arise out ot it. IMmediate sensory experience

does not:contain ready-formed entities called less than," "same-as,"

"equivalent to," "brighter than," etc. For any of these relational-situ-

ations to exist there Must be units-(i.e., attributes, objects; classes),
.

identified prior to beiiig related. Before a predatOr-preSt relationship"

can be set fOrth, one must be capable of identifying predator and prey. .

8
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. The brdercf Relations, as indicated by Figure 1, is a hierarchy
.

N

of various level's of abstractioh. 'The lower levels indicatesimple-relatiorial
. . .

. . .
,

asitements, such a AA, a relational statetent involving only one elethent.

This.statement woulA be equivalent to saying, "I sm as tall as myself,".

/ L
an obvious and simple tautological'relation. -However, as one progresses °

,

to higher lqyeis Of abstraction in the hierarchy, relatioftal statements
/

_beeome-mdre'complex. For example: 4=B or. B>C, here more'than one element,

a

is being related. At still higher levels, A=B=C, therefore A=C, the com-

:plexity increases with an increase in elementstd be related. In still

higher levels of abstractions, complex statements of relations can be set

forth byainCteasing the number of elements to be related, A=B=C=D...,

while at the sameitime using different varieties.of relatio tementst-

IsitlidIFYsymmetry-asymmet*, transitive-intransitive,..reflexive-irreflexive)
-

in conjunction with:a number of.elements. Relational statements at this
%

level would be exceedingly complex; Once units have been classified-and/or_i

relational statements have been set forth it is then possibleto perform

operations on these units and/or relations.

The Order of Operations

The Orde.vCf_Operations, by definitioh, includes transformations,

which is a cognitive process of chan in ig-4to'-aiothëthing.

As shown in Figure 1, it is the highest Order in the,hierarchy and thus

a

dominates it.since it is possible to perforM operations by using instances
i 1

0 / ,

froni the Order of Relations and/or the Order of Classification: While
/

,

dbl.:mating the hierarchy, its existence is totally dependent upon the
-,;,

1 .

subordihate Orders. To perform an operation, ond must have something,
,

.

.

a unit or relation, to operate oti... As-,with the otIler Orders, the Order
. ..-

_

9
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of Operaliorlp is a hierarchy which b gins with simplie dne-step operations

1471 progresses upward io ever more in clusive operations of-dabbsuming.

operations: The recognition of going from a one-dimensionai Measure to

-

a two-,dimensionaI,mgasure to a three-dimensional.measure wouldbe an

instance of.simple oPe7step.operations to'more complex; subsuming

operations. c.

The Order Of Classification, .

ey o

A deiailed descriptir:,-, of 'the Order oigGlagaffication'As,

presented here since it whe the objeCt ofinvestigation in this studk.

As-stated previously, the Order of Classification is ahierarchtcon-

sisting of broad inclusive conceptg At the.tolik suba pg ess..inclusive
,.

,concepts at lower levels. The lowest levels Of'the_Order of Clessifi-
, ,

. . 9
, . .

cation are concerned with representations of immediate sensorSr the

attribute level, while higher levels contain clasacategor ies:or concepts.

.

,built upon attributes assimilnted ii.Clowerlevels. Ai StillAigher levels

c-

are concepts subsuming lower-level cOAcepts. The lowest levels of the
-0

Order of Classification contain attribUte-identilicatiofi and xecognition

classes.of classes: Figure *2

presents a schematic vieW,of the various structural fdatures ip the.

Order bf Classification.

).

The cone has been selected to represent/the hierarcliy because:

4 ".'-'... :'.' 1:: .

the notion of,greater inclusiveness can be conveniently.ShOwn:bysuch

. _.,

. .
e- 7.

struature.. At the top of the cone are the,most abstract 'Cbilbepta, subsOmir4 .

..
,- ..

-.

. .
:- . , .

leas abstract and less inclusive concepts.and becoming.everkflesajnclUSive.,'

as-one progresSes toward the base. In Figure 2, the.Order.7'of CIaSSificatior(.
, .

.;
.. , ,. , \

displays six Leyels of Abstraction. They.are: Attributejdentification.,
,

,

,

'1 (34
, 4....

r



-Zisjunctive.

LeVel VI

Level V %-

Level.IV

Level III .

Level II

Level I

. .;

.

Conjunctive

Degretes of Complexity:4-

. Sense data

Figure 2

Order of Classification

Class of Recognition'
Classes):.°

Class Of Classes Recog--
nition (One class)

Class Recognition .

)

Object Recognitidn
-

e

AttributelRecognition

Attribute Identificatn
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Atiribute Recognition, qbject Recognition, Class ReCOgnition, Clans of

classee Recognition (one class), and Class of Classes Recognition (two

'classes). In this study, the first six levels havebeen selected since-
they' canlie assessed in a study of this size and, moreover, they are

ea:Sential toithe acquisition dk higher leVels of abstraction. An'
. ,

.

6 . .'
indivUual incapable of performing_suctessfully-atthe.first three

- levels J.n-this Otd-ek-would not be exoected to-perform sUccessfully at.

.hi-gher levels. The,six leVels will be'defineeesfollows:

LeVel I - Attribute Identlicatiop
\\

4.

Ini the Order of Classification, Level I provides loci for attribute identi-4

ficetion. Discrpoination of sense data begins at Level I. 1 At this level,

rr.he environment is perceived by the-individual to be 'Consisting of.discrete,

attributes'(different shapeS, sizes, colprs, tastes, etc.).' While attri=

butes are%discriiiinated at this level they ard-not vertially labeled. At

: an examplq: ,a child may beshowp a hemmer and a nail,. thea he may success-
... ,

fully find these objects in a chest of tools without verbally labeling

either object s name or attributes°. The child need 116t verbalize the,

-
attributes.to sUccessfUlly make the selection and thus-this example demon-.

strates that object and attribute identification Can Proceed independerqly
2 .

. .

of labeling,: Since at:tribUte identification_ie so fundaMental to hugal

. abstract thinking, Level I is the most basic and lowest level of
,

abstractpn in the Order of Classification.

1

1 2
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Level II - Attribute Recognition

This is the,level Where an individual I \not only aware of dis-,t

inable features of an event, but is capable, f verbally, recognizing

a discrete attribute. A child is displaying a Lerel II abstraction yhen

he is capable of verbally identifying all red marlbes from a jar of dif-

fereat colored marbles. Such a discrimination indicates that he is aware

orldifferences, at Level I,-as discrete units in his environment and,
\

moreover,,can correctly asSign verbal labels to these perceived charac-

teristics.' The distinguishing feature at this level is the cognitiire

-

caPability of correctly matchihg symbolic representations to the appro-
1

priate attribute(s). As indidated in FiguA 2 Level II subsumes Level T.

Level III - Ob ect Reco nition

This refers to that level where an individual groupi several specific

attributes together and constructs an object name ta_stand in place of these

attribaes. The naie cif the object subsuMes the specific attributes which

lrefer to the object. It is at dais level where clear economy of thou3ht

begins. An object that is classified as an,apple must be round, derived

from.a.particular tree, of a particular Color, 'cellular in structure, and
.-4

so forth.: A chemist need only see a syMbol Cu (cOpper) to be able to call
. -.

folth a number of highly specifiC attributes whichare represented by it.
A ...

Objects and e ntsare categorized on the basis of their.attribute§.ot

characteriitic !AAA. ',Clearly, only until the lower levels are mastered
,

\ can an individual manipulate abstractions.at this higher level.

SI
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Level IV - Class Recognition

Classes can be somewhat operationally defined as recognized

sets of items of information grouped by virtue of their .ommon properties

[111. Class recognition, even more than object recognition, ,!'reduces thee

complexity of the environment and thus represents even greater economy of

thought [la]." At this level, an indivieUal can diSpense with, specific

names and deal with generalized representations.of specific names. -The

class,-rodents, which not Only *efers to rats but alto to squIrrels,'

Chipmunks, rabbits, and beavers, provides a case in point. Abstractions

at this level are more difficult to attain than lower-level categories,
1

because the amount of generality is much greater than in these lower,levels;

thus, more information must be syntheSized to recogrthe these higher level

categories. In Figve 2, this increasing generality is portrayed by an

expanding cone.

Level V - Class of Classes Recognition

This level consists of classes with similar attributes,which can

,be grouped together to form a class of.classes: The terft Hominoids
.

subsumes the lower groups of Hominids (man-like) and Pongids (ape-like).

The term Hominoids is more inclusive than either Hominids or Pongids since

it includes all attributes from these tVo categories. Again, there is a

reduction of Complexity of the environment by cuch abstractions, but the"

amount-ofinte4ectua1 caPacity needed to attain this level of abstraction

is 'considerable due to the ever-increasing generality of classes.

1 4
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Level VI - Classes of Classes Recognition

This level constitutes the highest level of abstraction to be teavt

with in this study. Level VI refers to extremely broad generalised kte-

gories which demonstrate powerful subsumptivity. An example of subs

tion in Lev'el VI is presented using the same concepts as in Level V- The

class mammal subsumes.all living animals with mammary glands and that

among other things have a backbone and a four-chambered heart. Msmsks

therefore subsume Anthropoids of Level V. The inclusivitylf attribtxtes...

objects at this level is immense. Hence, a commensurate increase
4

intellectual capacity to achieve abstractions at this level. In Fig4k,e2

Level VI subsumes allvrevious levels of gbstractions in the Order of

Classification.

Degrees of Complexity

The existence of levels of abstraction,does not take 4 to

account the overlap Of attributes from instance to instance in Level III

and above,' -(Level III Is the level where-attributes begin td-he g.rallped.)

At these upper.levels of abstraction there exists.various degrees Ot

perceptual-differentiatiOn that an individual must bring to be;sr kIrder

to discriminate among instances. This differentiation acuity has beet,.

referred to as Degiees of Complexity.--The degree ofccomplexity is th

.
amount of perceptual,differentiation that one-must use in order t°

correctly.discriminate fnstances of an object or Class from another

instance of the same_ object class. The degree of complexity is relstd

:to the amount of attributes that the particular objects/elasses h°1!3

15



- 15-

common. The more shared attributes, the greater the complexity.

In Figure 2, the Degree of CoMplexity is indicated by the length

of the gond lines transiting the cone. As the level of abstraction in-

-creases;-the
begr4of-ComplexitY increases-aisoThis_is due simply to

an increase it the amount of attributes available to be Shared'at these
-

high levels of abstraction. However, from Level III upward, Any particular

level may have instances which either share one'or many attributes. To

account for the sharing of attributes at any particular level, the Degree
Cs

.of. Complexity will be defined as increaSing from the left to the right at

any level. In Figure 2, the left side of the cone, in'alllevks, repre-

sents disjunctivity, or instances (objects/classes). which Share only one

attribute. For example, discriminating the object, orange, from two objects,

an orange and ablack-colored ballpol Here the only clearly appre-

hensibleattribute shared is solidnesa; therefore, the amount of perCeptual

differentiation needed to make the discriMination is slight due tO.the.

sharing of.only one attribute. Such an instance would be located on tbe

extreme left side of the cone.

As one progresses across a leVel, from the extreme left (dis-

junctive side). to the extreme right (Conjunctive side), the amount of

shared attributes increases, Instances which Share two or more attributes

gre referred to as conjunctive; thus, in Figure 2, conjunctivity increaSes

'to the right. Objects/classes which share large numbers of attributes,

'such as Hominids'and, Pongids (men and apes), would be locateclon the far

right side of the cone. "These instances would require significantly more

discrimination acuity than those instances located on the far left side

of the cone.

1 6



METHODOLOGY

Subjects,

-

The study was based on a sample of 149 subjects divided into five

groups. ThesaMple parameters used for the study are displayed in Table

1. The mentally retarded group, Consisting of 37 subjects, was randomly

selected from special education-classes in an urban New Jersey School

district. The four remaining groups consist qf normal subjects selected

-from New York City and New Jersey schools. Two,of these four groups were

selected from private school populations and the remaining,two groups

irere selected from public schools. The two groups selected from the New

York City and New Jersey public schools consist of 12 normal subjects whOse

chronological age yas equivalent to the mean mertal age of the mentally

retarded group and 33 normal,subjects whose chronological age was equiva-

lint to the mean chronological age of the,mentally retarded group. The

two private school groups consist of aliproximate mental age Jand chrono-

logical age equivalents. Since I.Q. information was inaccessible in the

New York City schools, normal subjects were considered tobe any students

reading On or near grade level: In one private'school where the normal

mental age equivalent.subjects were drawn, mo reading scores.or I.Q. infor-

nation was available; subjegig were'tfierefore selected as average by

teacher evaluation of their classroom performance. Any subjects with

langul.ge problems or vision problems were eliminated from the study.

1 7
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^
. Testing ProcedUre

-

All subjects were individually taught a first order hierarchy.

This-hierarchy, based on the theoretical model presented 'above, -

consisted of a series of tests representing eacii level of abstraction in

,the Ordei of Classification. As the level of abstraction increases, from

Level I to Level VI, there is a.Commensurate increase in generality and

inclusiveness and thus an increase in the degree of difficulty for each

test.

Each test consists of,t, ooxes. The contents of the first box
a

presented to the Ss contained two examples of the instance to be taught.

Once the examples have been presented, the box and its contents were

: 0

removed and the second box was presented. 'The second box contained two

examples of the instance taught plus four distractors. The subjects we're

asked to select examples of the instande taught to them2- Sincd the con-
,

tents o'f the second box were used to assess the S's ability to acquire the

abstraction taught to him, no verbal,cues were given. All tests,for the

six levels of abstraction in the Order,of Classification were constructed

and presented in this manner.-
.

The criterionaevel of achievement Was suCcessful completion of the

task irithin twotriels. Upon successful completion of Level I, the sub-

ject was taught Level II, in the same manner and with the same criterion

.for success. Successful completion for all tests occurred when the sub

ject,identified both instances correctly. UnsucCessful
:.

completion of the.
es

test occurred when the subject (a) failed to identify eitherAnstance

1Prob'ability of a chance combination of two correct instances on

each trial is 1/6 x.1/6 = 1/36. .

1 9



- 19 -

correctly, (b) only,identified one instance correctly, or ( ) identified

both instances correctly but placed one or more incorrect instances in

the correct group.

The presentation °sequence and the success criterion continued

until the Level VI test terminated the testing sequence.

If a subject failed to achieve a particular level within two

'trials, the testing sequence was still continued to the highest level.

By testing to the Lighest level, it was po§sible to detect whether sub-
.

.jects can, by some cognitive prOcess that was not predicted in the ration-

ale of this study, go to a higher level after failing a lower one. It is

anticipated that, if the hierarchy is properly organized most subjects

will not 17 able'to,achieve a higher level after failing a lower one.

The six levals tested in the Order.of Claisification were: Level

I, Attribute Identification; Level II,'Attribute Recognition; Level III,

Object Recognition;.Level IV, Class Recognition; Level V, Class of

Classes Recognition, subsuming one class; `Level VI, Class of Classes

Recognition, subsag two Classes. In Level I, two objects, galena and

P

pyrite, were presented to the subjects. The Ss were Askedto idantify:

these two instances from a cluster of six similar but non-identical

objects. The identification was based on the attributes of'the objects

and the selection required no verbaliiation. At Level II, two attributes

of each of the two objects were described for the subject (i.e., color

and luster ). When subjects received the Level II test box they were

expected to select from its contents the appropriate instances and ver-

belly identify the Attributes taught to them. In Level III, the specific

name Of the objects was stated, for example, galena and pyrite.
I

'Again

1The terms iron and lead were used in the study.

2 0
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the subjects were expected to select and state the appropriate instance.

In Level IV, two classes of objects were presented, metallic and non-
,'

metallic. A separate test was given for each class. In Level V, two

more-inclusive classes were presented, minerals which subsumed metallic_ _

and non-metallic and life products. In Level VI, minerals and life,

products were subsumed by the concept Natural phenomena. Figure3 dia-

plays how.the six test categories are hierarchically arranged according

to levels of abstraction.

Data Analysis
4

A record fok each student was kept,showing the nmximum level of

abstraction achieved and tile number cf trials-taken -Co reach criterion

s."G each level. A summary graph for each of the- five.groups was con-

structed. The ordinate of this graph represents the cumulative number

of trials to criterion for all subjects. The abscissa represents the

levels of abstraction achieved; thus, a cumulative record of trials tol

criterion was obtained. The mean level achieved for each group was sta-

tistically analyzed. A one-way analy-sis of variance was'used lo deter-

mine if there was a statistically significant difference among the means

of the gi.oups. A confidence level of p<.05 was used. The average levels

achieved for eatb group were compared by using the,Scheffd contrast

formula. (p<.05): and heir relationships set forth as presented in the

results section.

2 1
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. Average Level Achieved. '

The maximum level that a_subjeci coultwachieve was-67-the highest

level in theiabstractiorNhierarchy. To reach Level 6, the subject had to

passeight. subtests which comprise the Order-bf ClassifiCation-Natural

Things Test. The average test score and the average.level achieved for

each group wnb.computed and ierset forth in Table'2. -Apiobserved in this

table, Group 1, mentally retarded Ss,'aChieved the lowest level/c./96, of

-all groups. GroUp 2, the mental .age equivalents of Group 1, achieved the

neXt to the lowest leve1,3..i5, among all groups. The remaining Grbups

f,

3, 4;.and 5 achieVed consistently 'higher leVels than either Group 1 or

Group 2. Group 3, he chronological age-equivalents to Grotkls,.7while

, achieVing substantially higher than Groups 1 and 2, achieved slightly less-
//

than_ Group 4 and Group 5. jilowever, the difference is not significant and

could be attributed to the fact that Groups 4 and-5 come from a New York

City private school population and thus constiehte a socially and econom-

ically advantaged-gmup compared to smbjects from the public school.(

For.the average highest test score per group (i.e., the,highest

test passed), Group I again scored lowest Of all groups, vith Group 2 -

again being next to the lowest. Groups 4 and 5 once-igain scored very

high, in both cases almost reaching the highest .possible criterion score..

AnalysiS bf Variance of Average LevelAchieved

A one-way analysis of variance of'the average level achieved among

all groups was cotputed (pg.05). The,:iesults of the ANOVA, given in

.

. Table 3,. show there is a .significiat---difference- amoilg:the. groups-at p-4.05.

-

2 3



Table 2

Average Level Achieved Per Group

/%:4,rerage Level"

Achieved. SD
Average Test
Score Achieved SD

Group 1 2.96 1.05 3.78. 1.51 37

.Group 2. 3.75 1.01 . 4.96 1.51 32 '
S

Group 3 5.06 1.24 ------1.48 33'7.03
,

Group 4 , 5.67 .84 T.50 1.04 18

Group 5 5.62 .77 7.65 .72 29

149

Group 1 = Mentally retarded
=st

Group 2 Mental age equivalent of average scholastic ability
(Public school)

Group 3 = Chronological age equivalent(ftblic school)
Group 4 ='Mental age equivalent of average,scholastic ability

(Private,school)
Group 5 = Chronological age equivalent (Rrivate school)

c.

):A.,
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Table 3
1

N^,-

Analysis of Variance df'the-Ayerage Level Achieved for All Groups

Sum of Squares , Degrees of FreedoM Mean'Square

Between 178 . 0461 4 44.5115

Within 150..5983 1.
144*-

17,

Total 328.6444 3.48

F'= 42.5613 F(40.44),a=.05=2.44

Table 4

Alesults of Scheff6 Contrast Among Sanple Means,:

P<.05

Contrast.Groups. Upper Lirait Lower lamit

1 - 2 H - .03284 -1.57535

1 - 3 -1.3497 , -2.8796,

1 - 4
,

-1.8026 - -3.6389,

1 - 5 -1.8824 -3.4671

2 - 4 - .9754 ,
. -2:8579
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4 \

Groups 2, 3,-4 and 5
yer/

e contrasted with.Group.1 and,Group 2 with

' .
1-,

Group 4,using the.Scheffi'formul44(p.7.05).. The. resulte-are.given in

Table 4. Group l't performancevas significantly,different (p<.05) fot

all contrasts: The Significane'differencebetween Group 1 and Group 2'
p.

is particularly interesting in-lightLol_She fact'that both.saMples are

- 25 -

drawn from urban public schools and aie equivalent in mental age. The

. N

significant difference between Group 2,*d Group 4 is aiso noteworthy :.

in that-both-groups. are osteril4blymental,age equivalents comig.fkom

different school pOpulation,Ihe former/:Uxban and. publiC anA the latter
,

.

l.:, ..
,

1
...

17- 7---
,

urban and private--,--
. '

Average Cumulative TrialS to Criterion

The six level Natural Things Test'isompoSnd;of eight subtesta.
-

.

.

. . f: 1. ,.e'c''l
.

-ThesminimuM nuMber cif cumulative triaisAOIre.4K Level 6 isseight (when
r ,

criterion.is:echievedin on'd%ttiat for eaCh.:Cf_the eightf.subtests) and

the-maximUm number is sixteen (two trials reqUirWtoreaCh Criterion on

etch subtest). i,Since'all eight tests were-adMinitered_to each'subjeot,

f

the-average cumnlatiVe. number oftrials takeneadh.groUp for Al17.eight
,-

i ...,- , ..

tests p.,rovides evidence as to the amount of difficulty,each-groui.was
- .

. . ,',.' - , .

. - -
-'1..experiencing With the Natural Things. Testkir Whe.aveinge Cumulative tials

i<
;

f.fornWeight teSta was tabulated and is.Si

.

efore in Table 5. ..It was :
:71';''#,:..

,
. ; -

t
.

. ,

;' expected that GrOUP 1, the mentally retarded group,- would experience the ..

greatest cogratiye'strain,,especially,on tkle uiper.levels (4, 5, and 6)

:
.

on the Natural Things-Test. 'EvidenCeof Cognitive strain for this group-
-% 7.'

.

1Since no I.Q. data were available for Group kaoit need,not be

assumed these Ss were of equal M.A. These Ss.were r4erted by'iheir

teacher to be achieving at grade level or:slightly below it as compared

t&their peers:in the same class. This is the extent of our knowledge7

about schOlaStic ability for thié group.

6
.

.
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Table 5

Average Cf::emulative Trials to Criteriqn Per Group

LeVel Test, % Group 1 Group 2 .qroup'3 'Group 5 Group 5.
2

,
3

4

5

6

7

8

1.30

2.60

40o

5.39

7.35

9.24

11.14

13.03

i

1.13

2.25

3.35

4.81

6.56

8.38

10:21

12.06

1.09

2.24

3.33

4.54

6.24

7.81

9.18

10.72

1.22

2.27

3.33

4.55

5.94

7.16

8.77

10.00

1.03

2.14

3.24

4.45

5.97

7.31

8.41

10.03

N=37.= N=32 N=33 N=18 N=29 .

Group, 1 = Mentally retarded
GroUp 2-= Mental age eqUivilent 1PUbl4eSchool)

Grdup 3 = ChronOlogicallge equiVaIent (Public'School)

Group 4 = Mental age equivalent (PriVate Schoo1) .

Group '5 = Chronological age 'equivalent (Private School

27 .
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. is,a greater.number of trials at all levels when compared to tlie remaining

groups. Group 2, the mental age equivalents of Group 1, also 'appear t :be

" experiencing difficulty with the.test, eapecially Levels 4,5, gnd.6.

:Groups 3, 4, and 5Progress through the lower levels without much difficulty,
. .

but as can be seen in Table 3, Levels 5 and 6 apparently were difficult ;for

some subjects in these-groups. The, data displayed in Table 5; while providing

evidence of the amount of difficulty Ss experience with thelshtural Thinga Test,

do not directly support the malidity of.the hierarchy. If the hierarchy in

the Natural Things Test is valid, Ss failing 16w-level tests should continue

to fail upper-level tests. In Figure 4 a graph has been constructed showing

thelaverage cumulative trials to criterion for each group and thnumber of

subjects,who.sUccessfully-comPleted each level but failed higher levels..2

Group 1 is taken as an example, at Level 3, 30 Ss (N=37) achieved that level

but failed the higher levels.- However, progressing to Level 4, the next

highest.level, all but three Ss have failedito achieve Clis level and the

subsequent two higher levels. Of the 37 Ss in Group 1 taking the Natural'

Things Test, only,two succeeded in achieving all six levels. Failure at a

low level and then subsequent failure on higher levels, as demonstrated by

Group 1, provides further evidence for the validity of the subsumptive

organization of the Order of Classification as presented in Figure 2 - and

the hierarchical test of Natural Things.

Oa,
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Discussion

.When the average leVelof abstraction achieved by Group 1 is
ae

-;!conpared.,to. Group 2 (equivalent mental age normals), a significant differ-
,

.ence, p<.05, was observed. Group 2 attained an average level of 3.75 which

\

approximates-the first class level,Leyel 44-in the Order td-CIdgiification.,

. --_,. \
.. ,

The average test score fOr-GrOup 2 is also higher (4.96). AlthoUgh one
\----,:._:_.7_

.

.

,might expect to find similar if not.identical performance by mentallY

\

-

retarded subjects and their equal mentalage normal-Counterparts, this

\

--

study showed, that the equal mental age normal subjeCts performed-better on
e, \

the test of natural things (p<.05). Such a significant difference in level.
.1 \

!

achieved between these two groupS, suggests that the,mentally retarded
i

. \

individuals are not merely retarded in mental development,. but.exhibit
\

\

different cognitive.processeshanthe normal mental age.equivalentis. Men.
\

ihe level achieved by Group 1 is cOmpared to thee of the remaining Groups 3,

\

4, and 5, further evidence of the lOw ability of Group 1 is observed. Of.
\

special interest in Groups 3, 4, and\5,is the performance oi Oroup 4. This

group achieved an almost perfect score, 5.67.

What is of interest here is that this group, while purportedly a

normal mental age equivalent group 4ran from an advantaged sociocultural-
\

economic population, achieved the hi:heat-score. The school from which

I.Q. data and therefore it cannot

cts are precise mental age equivalents

Therefore, the difference inperformance

this sample was drawn did not provid
,

:be/definitely_stated-thet-these subj

the mentally retarded subjects.

1
At this level and all subsequ nt levels the number of attributes to

be dealt with for each instance incre ses greatly; therefore, to simplify
the task; verbal rqes along with conciete exemplars of the, instances were

'presented. This Ilnd of assigning Class names considerabl simplifies
the task for-the ss as reported in previous conceptcquisition studies.113,14].

3 0
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between the mentally retaidea subjects and these "equal" mental age normals

may be attributed to cultural advantages. If this is the case, a significant

.

_observation is raised about the role of early, pre-school .expefierice in

determining performance on abstract learning tasks.' Indeed, many studentp'

-who are determined to be mentally retarded may be merely socially disad-

vantaged due to lack of educational oPportunities during early childhood.
,

Suchen observation lends further credence to enriched learning experiences

in the early preschool years for otherwise culturaily deprived urban children.

-r

It is worth noting that TAile Groups-3, 4, and 5 all were capable of

aChieving high levels, no group had a perfect scOre. This indicates that at .

-Level 6, the; highest level, all groups were exhibiting some diffiCulty. Since

\

the test was-;,carefully conStructed so that each subtest represents the pre-

scribed charaCteristics as presented in the Order of Classification hierarchy,

validity of the test would be supported if Ss failing lower levels also failed

higher levels and Ss passing lower levela'.exhibited inereasing dIfficulty'in

reaching criterion on upper levels. Clearly, the validity of he test is

eupported in both these areas by (1) the low achievement in Group 1 and their

successive failure on upper levels and (2) the difficulty exhibited-by-Groups

achieving criterion at the upper levels of the test.

By observing the average cumulative trials to criterion for each

group it is possible to observe the amount of cognitive strain each group

experienced with the Natural Things Test. Since the Natural Things Test

is organized in increasing difficulty, it was expected that as Ss reach

the upper levels they would require more trials to criterion_than experi-

ended at lower levels. This difficulty can be detected to aslarge degree

. by the average cumulative number of.trials each group_exhibited for each level

31
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(and hence its corresponding teat), and the total cumulative trials to.

criterion for the total test, Even-though-most-subjects in Group 1
_

failed at Or near the third level in the hierarbhy, they were nonethe-

less presented the higher level tests to determine their performance

capacity and their cumulative trials to criteriOn Since they con-

.sistently failed these upper-leVel tests each sub.ject-accumulated two

trials at each leVel. Therefore, their cumulative trials to'criterion

store Were.quite high corpared to the remainingExoups.whereperformancems

not so-debilitated. These data once again'exhibit the cognitive strain

endured by the mentally retarded subjects in performing higher dbstraction
1

tasks. Particular attention is once again directed_to a.comparison

between Groups 1 and 2. plearly,'Group 2 performed better than Group 1

with respect to trials to criterion, thus further indicating greater

facility in performing the task by the equal mental age normal subjects

and hence suggesting they are operating in a different cognitive mode

than the mentally retarded subjects.

Retest

Five weeks after the initial testing,-ten subjects from Grou0g1

were selected for retesting based on prior testperformance to yield a

representative group of individuals who varied in level achieved: The

retesting accomplished two objectives:' (1) it provided evidence of

reliability and (2) served-as an attempt to determine the cognitive

strategy the Ss used by having the Ss verbalize their reasons forselect-
c:

ing items in the test. The criterion for test reliability used here was

that retest performance be identical to or slightly below original test

performance and that Ss failing at low levels of the test exhibit failure

3 2
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on all successively higher level tests_in the hierarchy. With respect to

retest reliability for these ten SS, six Ss achieved the exact same level;

two Ss actually dropped from Level 3 to Level 2; two Ss achieved higher

levelsi brie gOing from Level 5 to Level 6, the other going from. Level 1

to Level..2. With one exception -- a S going from Level 5 to-Level 6 --.

all retested Ss who failed at low levels continued to fail at the upper

leVels. The test is considered reliable since all but two Ss scored at or

below .their original performance and all but one exhibited consistently

low-level performance.

With respect to the retest group's ability to verbalize, only one

subject was capable of setting forth reasons for selecting items in the

test. (This subject also achieved the highest level on the test and

retest.) Since the mentally retarded are widely recognized as being

unable to verbalize about their cognitive behavior, 'such results are

not unusual..

In-conclusion, iI the assuMption of the hierarchical organization

of abstraction was correct, then subjects who fail to achieve a lower

levelin the test of natural things should,also fail successive higher

levels. Among all groups tested, 82.6 percent of the subjects met this

criterion.
1

The remaining subjectseXhibited varying degrees of success

on higher-level categories after failing a lowdr one, but there was no

clear pattern of outstanding performance on the very top levels of the

1
Among all groups tested, only 17.4-percent did not meet this cri-

terion. Some of this anomalous behavior could be due to differences in
.perceptual set for subjects vis-à-vis the instructional presentation and
therefore they did not categorize as predicted in some tests. In particu-
lar, since the higher levels are more complex, these anomalous Ss may have
been attending to othdr than the specific attributes according to the
particular mental set brought to the task.'

3.3



-test-sequence affer-failing a

evidence has been obtained to support the assumption that the hierarchical.

model-of abstractionis yalid as a.predictor of human performance.. One

must recognize, however, thai the test used is a mediating mechanism in

-33-

lower level#- Therefore, substantial

arriving at this conclusion; a different form of the test (insofar as it

Aias face validity) might.yield different resulti. Since, the test Was

carefully constructed to represent 'each of the levels of the hieratd*,

as preScribed in the general model,, it.Can be concluded with. fair con-

fidence that this admittedly limited of the hierarchy has yielded

strong suppOrt for the model.

These results support previous studies which allude to the strong

dependence of the mentally retarded child. on concrete cues [ 15;16,173 and

suggest that the mentally retarded may be.incap4le of organizing

information into conceptual hierarchical arra s.__L_In_add-it-ion-,th-e

results support the hierarchical model of abstraction and, in particular,

the validity of the classification test.
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